II. Linear Functions 2.1 Out for a Stretch: Student Activity 3

Student Activity 3: Going to Great Depths

Overview: Students investigate the relationship between the height of water in a cylinder
and the number of bolts that have been added to the cylinder.

Objective: Algebra I TEKS
(b.1.B) The student gathers and records data, or uses data sets, to determine
functional (systematic) relationships between quantities.
(b.1.E) The student interprets and makes inferences from functional
relationships.
(c.1.A) The student determines whether or not given situations can be
represented by linear functions.
(c.1.C) The student translates among and uses algebraic, tabular, graphical, or
verbal descriptions of linear functions.
(c.2.B) The student interprets the meaning of slope and intercepts in situations
using data, symbolic representations, or graphs.
(b.2.D) In solving problems, the student collects and organizes data, makes and
interprets scatter plots and models, predicts, and makes decisions and critical

judgments.
Terms: rate, slope
Materials: each group needs a cylinder (obtain from a science class, use a pharmacy

medication bottle that is cylindrical, or use a cylindrical flat-bottomed
drinking glass), uniform objects that will fit in the cylinder and sink (golf
balls, marbles, centimeter cubes), water, metric ruler, graphing calculators

Procedures: Students should be seated at tables in groups of 3 — 4.

Note: for the sample data below, we used a cylinder and 4 golf balls. You
can also use marbles but instead of adding one at a time, add 5 marbles at a
time. You want the displacement to be enough to be able to measure easily.
If you use 5 marbles each time, adjust the questions accordingly.

Activity: Going to Great Depths
Briefly describe and/or demonstrate the experiment. Make sure students
measure the water level before adding any objects.

1. Stress how important it is for students to predict the results of the
experiment before they perform the experiment. Encourage students to
think about and anticipate the results of the experiment before they begin
collecting data.

2. Sample data:
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Number of Objects Height
(cm)
0 9
1 10.2
2 11.5
3 12.7
4 13.9
3. Sample data:
o W T MO0
a " Hrin=-.5
o HMax=0
necl=]
Ymin=H
Yrax=15
Y=cl=1
ares=11
4. For our sample data, an estimated rate of change is 1.2 centimeters per
object.
5. For our sample data, the y-intercept is the original water level, 9 cm.
6. For our sample data, atrend lineis y=9+1.2x.
T1=0+1.20 AMF Flotz Flob:
O =t o
h¥z=l
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7. x¥ﬁ=
~Me=
~Ne=
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8. The units of slope are centimeters per object.
9. The real-world meaning of the y-intercept is that for zero objects the water
level is the original level before there were any objects added.
10. The equation is y =9 +1.2(9). Some solution methods:
S+l 2090 V1=0+1.2H " ik
12.8 ) 126
" T
B 16.2
E i7.4
5| A
n=g ¥=19.8 [F1=13.8
11. For our sample data, the highest water level recorded was 13.9
centimeters so we need to find how many objects would cause the water to
riseto 13.9+6=199cm. Solve: 9+12x=199.
Some solution methods:
R Ve I Ye n il Ve
4 1:8 i9.8 E 19.8 i9.8 EXTEM| 19895 | 19.9
£ it i9.8 19.89z i9.8 9.08 19.908 | 18.9
] 16.2 i9.8 9.z ey i9.8 9.1 1989z i9.8
Table: ? i74 | 188 8.z Fodg |18 g1 | 1883z |19
B 53| |5 (B | |EE (hm i
] Y 180 35 zocz | 188 @14 | 100066 | 1808
=35 [#=3.1 W=9.@8
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T1=8+1.23

Trace:
W=8.10p:B3 _Y¥=19.9z786 —
E A Flokz Flobz
= =NMiE9+1 . 2H
HVEEI?.?
Trace to the N
Intersection point. mye=
p Interseckion ~iE=
W=R0BZ3333 _¥=199 . Y=
S+1.2030 19,86
19,8 S+1.209.87
S9+1 209,15 19,224
Guess and check.  fo4y, 2c5.m5 107 " FL20308 0 cae
19,86 S9+1. 209885
Il |n 19,962

Solve algebraically, if you are at a place in your curriculum where it
makes sense for students to do so:
9+12x=199
9+12x-9=199-9
() o - 109/ 1)
\12/)" “\1.2/

x=9.083

12. The more objects placed in the cylinder, the higher the level of the water.
13. The rate of change would be higher because larger objects would displace
more water. Therefore the line would be steeper, have a higher slope.

14.If you added the same amount of water, the original water level would be
higher. Therefore the line would shift up. Also, while the objects would
still displace the same amount of water, this amount of water displaced in
a smaller container would make the rate of change increase. Therefore the
slope of the line would be steeper.

Answers to Sample Assessment

Ti=1h+d I THOON Flotli FMOE Flots
“min=8 =MiB1ld+H
Amax=G ~Nz=1
1 nacl=1 whe=
. Ymin=18 wMy=
“Vmax=26 wMo=
Yszl=1 ~NE=
[ I . “res=10 wMr=
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3

2.
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3. x=31. Students answers should be close, depending on their trend lines

R R Ve
Using a table, in £ My £ u uE
2 £ |ul £ [uf  |uf
ways 4iy 4iy 4E
HE HE HE
S 4E S 4E HE
=21 =21
Summary: By collecting data and finding a trend line, students investigate the

relationship between the height of water in a cylinder and the number of
uniform objects added to the cylinder. Students use real data to further their
conceptualization of the linear function.
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